Two insecticide formulations were evaluated for skin irritation using albino rabbits (Stauffland-White strain). While the active ingredient alone produced only mild skin irritation, corn grit formulation produced severe skin irritation.
INTRODUCTION
Preliminary skin irritation testing on rabbits of two insecticides incorporated on corn grit particles resulted in unexpectedly severe skin lesions. These included micropustules Thirteen young adult Stauffland-White involving hair follicles, which appeared strain rabbits (5/8 New Zealand and 3/8 Florwithin the 72-hr period of a primary dermal ida White) Lverc obtained from Phillips Rabirritation test. Skin irritation tests were con-bitry (Santa Cruz, CA). The rabbits (2.0-2.5 ducted on a prospective carrier for granular kg) were housed in suspended stainless steel pesticide formulations, pregelled defatted cages. Feed and Xvater were provided ad Jicorn grit, and the two insecticides. Irritation bitum. The day before test material applicatests inVOhing the two insecticides alone re-tion, the fur \vas shaved from the back. On vealed only very mild treatment-related skin the day of application, the shaved area was marked to indicate four separate sites as different suppliers was conducted under sim-shown in Figure 2 . The epidermis ivas abraded on the two posterior sites. Corn grit (Fig. 1 ) from three sources (A, B, or C) was ilar test conditions to identify the source and etiology of the skin lesions.
changes. This study of corn grit from three Following applicition of the corn grit specimen (with or without insecticide), each test and control site was covered with gauze patches (1 x 1 inch), secured with adhesive tape, and moistened with 0.5 ml physiologic saline. The midbody of each rabbit was wrapped with rubber damming. The damming was secured with adhesive tape and covered with a gauze binder which was also secured with adhesive tape. At the end of the 24-hr exposure the wrappings were removed and excess test material was gently wiped from the test sites. All sites were examined for evidence of skin irritation at 24 and 72 hr after exposure. If the sites appeared abnormal at 72 hr the rabbits were examined daily for 4 more days to evaluate skin lesions f p evidence of regression.
Clinical signs of skin irritation, especially erythema, edema, and eschar formation, were graded according to the criteria listed in Table I . Irritation classifications were assigned to each test material based on the primary irritation score and the extent of eschar formation. The primary irritation score was calculated as follows:
(sum of edema and erythema grade for all rabbits in group)/ number of grading periods Primary irritation score = number of rabbits in the group The criteria listed in Table I1 were then used to assign an irritation classification for each tested material.
After 7 days on test, each rabbit was euthanized by intracardiac administration of sodium pentobarbital solution (Euthanol, Central City Medical, Palo Alto, CA). Skin specimens were excised from test and control sites and fixed in 10% neutral buffered formalin. Representative specimens were then processed for routine hematoxylin and eosin staining or special stains including periodic acid-Schiff, modified Brown-Brenn, Warthin Starry, and Gomori's methenamine silver for ligli t microscopic examination. Culturing of the corn grit samples for fungi was performed on Sabouraud's agar at room temperature (25°C) for approximately 2 weeks (1). Culturing for bacterial organisms was conducted using published methods (4). Sterilization of corn grit samples from each source involved ethylene oxide fumigation for 1 2 h r using a commercially available process (An-proline Process, H. W. Anderson Prod., Oyster Bay, NY). Each corn grit sample was extracted with chloroform and then the extract was injected into a DB1701 capillary column 30m long installed in a Hewlett-Packard 5880 gas chroma tograph. Chart recordings were made as the temperature was increased from 40°C for 5 min up to 200°C by 5"C/min intervals. The temperature was held at 200°C for 10 min; the resulting recording chart was evaluated for the presence of potential solvent or fumigant residues.
RESULTS
Clinical signs of skin irritation included erythema, edema, and eschar formation affecting mainly abraded left skin sites (Fig. 2) and involving one to three rabbits in each group as shown in Table 111 . Alterations were scored according to the criteria shown in Table I and each test material was judged overall in skin irritation classification using criteria listed in Table 11 . Corn grit from each source was found to be a nonirritant to the skin when applied after ethylene oxide sterilization [ Table 111 ). There was no gross evidence of erythema, edema, or eschar formation and the skin was not examined microscopically.
Fungal culture of corn grit from Sources A and C resulted in isolation of pure culture of both AspergilIus j7avus and Rizopus sp. (3, 7). Source ,B corn grit wgs negative for fungal culture. Bacterial culture of a specimen from each source revealed only coliform organisms.
Light microscopic observations of control and test sites for both abraded and nonabraded skin are shown in Table IV . Mild epidermatitis was found involving either abraded or nonabraded treated skin sites in most rabbits. This lesion involved the squamous epithelium and subepithelial stroma. Alterations included hyperkeratinization, focal basal cell hyperplasia, hemorrhage, and edema. A mild inflammatory cell infiltrate consisted of a few polymorphonuclear leukocytes, macrophages, and lymphocytes (Fig.  3) . Moderate to severe suppurative necrotizing folliculitis (micropustule formation) and dermatitis were found involving the abraded skin for three rabbits in the Source A group and one rabbit in the Source B group (Fig. 4 ). One rabbit of the Source A group also had a severe skin lesion involving nonabraded skin. These lesions were severe, obscuring the lesser lesion, epidermatitis. There was destruction of normal follicles and adjacent tissue. An extensive inflammatory cell infiltrate consisted mainly of neutrophils, hyperemia, and edema involving the dermis (Fig. 5 ). There was also focal necrosis of epidermis with ulceration. Adjacent hyperkeratotic epidermis was thickened with associated. basal cell hyperplasia.
Hematoxylin and eosin, as well as special fungal stains, revealed the presence of large branching nonseptate fungal hyphae with bulbous enlargements (Fig. 6 ) similar in appearance to the genera Mucor, Rhizopus, and Absidia (2, 3). These were found within the debris of hair follicles from rabbits treated with corn grit from Sources A and B but not C.
DISCUSSION
The potential of corn grit from several different sources and two different insecticides to produce skin irritation, separately and combined, was evaluated in skin irritation tests. Pesticide formulations and their components are routinely tested to determine their potential to produce toxicity and skin irritation. The tests are necessary to evaluate potential health hazards, to establish handling procedures and for product registration. Pregelled defatted corn grit is representative of a suitable insecticide carrier for granular pesticide formulations. It consists of small very porous and absorptive granules. While ' Classification was assigned using the primary irritation score for each group and the extent of eschar formation as .4 Present (+) or absent (-1.
described in Table I . insecticide alone produced very mild irritation (unpublished data, Toxicology Department, Stauffer Chemical Co., 1982) . corn grit from three sources, separately or with insec-ticide, produced unexpectedly severe skin lesions during the 24-hr application.
Because the strongest correlation with the severe skin lesion was with corn grit, the skin Vol. 13, No. 3,1985 MUCORMYCOSIS AND SKIN IRRITATION was examined for presence of corn grit. There was no detectable corn grit material in the skin and the possibility of direct physical damage appeared unlikely. Another potential source for the skin irritation was residual chemical contamination of the corn grit carrier. During manufacture, corn grit was treated with organic solvents to extract fat, and fumigants were used on the stored product to reduce rodent and insect infestation. When samples of corn grit in this study were analyzed for potential solvent or fumigant agents, no significant residues were found.
The severe skin lesion consisted principally of microabscesses involving hair follicles. The severe lesions were acute in onset and were confined with one exception to abraded test skin sites. Within these lesions, large fungal hyphae were found microscopically in both routine tissue preparation and with special stains for fungi. Morphologically, the fungal structures in tissue sections were considered pathognomonic for the order Mucorales which includes the genera Absidia, Cunninghamella, Mucor, Rhizomucor, Rhi- zopus, and others (2.5). While culture of corn grit C produced growth of the potential pathogen Rhizopus sp., apparent variation in the presence of this agent (spores) in corn grit resulted in no infection of either abraded or nonabraded skin. The same variability in the presence of agent in corn grit B resulted in growth and development of a severe skin lesion. However, no agent was cultured from the corn grit.
Fungi of the order Mucorales are opportunistic pathogens in animals, usually growing in an ulcer or other internal mucosal defect or lesion. The organisms tend to invade the vascular system and may be the cause of lesions far from the original site of infection in both man (6, 10) and animals (3). Lesions in the rabbit's skin primarily involved hair follicles, and there was no evidence of fungal agent extension to adjacent tissue including blood vessels. Since the skin lesions developed peracutely within 24 hr of application of test material, and the rabbits were terminated on study day 14, there may not have been sufficient time for the fungal agent to invade adjacent structures.
Fungal organisms of the order Mucorales have been associated with severe debilitating skin lesions in burn wound patients. The fungi were primary infectious agents and their growth and invasion at the burn wound site were attributed to tissue damage, ubiquity of the agent, and treatment of the burn which included keeping the area moist and bandaged (5,6,8,9) . These conditions, similar to those of the rabbit skin irritation test, are ideal for fungal growth and tissue invasion,
